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suMMARY The effectiveness of repeated plasma exchange with 2 to 4 litres of plasma protein fraction
as long-term treatment for familial hypercholesterolaemia has been evaluated in six severely affected
patients receiving conventional cholesterol lowering treatment. Cell-separator mediated exchange at
monthly intervals for one to two years reduced mean serum cholesterol levels from 18 5 mmol/I (715
mg/dl) to 12-4 mmol/l (480 mg/dl) in two female homozygotes but failed to influence xanthomata or

prevent a two- to threefold increase in their left ventricular aortic systolic pressure gradients. More
effective reduction of mean serum cholesterol levels from 15 7 mmol/l (608 mg/dl) to 8-6 mmol/l
(333 mg/dl) in two male homozygotes by plasma exchange at fortnightly intervals for two to three years

was accompanied by resolution of xanthomata and by stabilisation of aortocoronary lesions. In
two male heterozygotes with angina, coronary angiographic appearances were unaltered or improved
after one to two years of thrice-monthly plasma exchange, which reduced mean serum cholesterol
levels from 6-4 mmol/I (248 mg/dl) to 4 7 mmol/I (182 mg/dl). We conclude that plasma exchange
every one to two weeks, combined with oral nicotinic acid and/or cholestyramine, retards the rate of
progression of atheroma in homozygotes and possibly induces regression in heterozygotes.

Familial hypercholesterolaemia is a dominantly
inherited defect of beta- or low-density lipoprotein
metabolism which affects approximately 1 in 500
persons in Britain' and North America.2 The
great majority of affected subjects are heterozygotes
in whom the disorder is characterised by hyperbeta-
lipoproteinaemia (type II hyperlipoproteinaemia)
from birth, appearance of tendon xanthomata in
early adult life, and the premature onset of coronary
heart disease. Men have a 23 per cent risk of death
from this cause before the age of 50.3 The risk of
premature death is even greater in the rare homozy-
gotes who, as well as showing all the heterozygotes'
features in an exaggerated form, in addition develop
atheromatous involvement of the aortic root before
puberty and show a pronounced resistance to
cholesterol-lowering diets and drugs.
Four years ago we reported the feasibility of

using plasma exchange to treat two patients with
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homozygous familial hypercholesterolaemia.4 Since
then we have treated a further four patients, two
homozygotes and two heterozygotes, and have
performed almost 300 plasma exchanges in the
process. This paper provides evidence that the
progressive accumulation of cholesterol in skin,
tendons, and arterial wall which accompanies
severe familial hypercholesterolaemia can be either
arrested or partially reversed by combining con-
ventional hypocholesterolaemic drug treatment
with long-term plasma exchange. Some of the data
have been published previously in abstract form.5 6

Subjects and methods

Clinical details of the six patients are shown in
Table 1 and the duration and frequency of plasma
exchange in Table 2. Both female homozygotes
underwent this procedure at approximately monthly
intervals, as previously described.4 This was
discontinued in case 1 after two years for social
reasons; she subsequently underwent an aorto-
coronary bypass but died after operation. Plasma
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Table 1 Clinical details of patients with familial hypercholesterolaemia undergoing plasma exchange

Serum lipids (mmol/l) *
Genotype Case no. Sex Age Drug treatment

TC TG HDL chol

Homozygote 1 F 23 21-0 0 49 0-83 Resin + CPIB or NA
2 F 26 16-1 2-21 0-67 Resin + CPIB, or NA or Neo
3 M 25 15-5 0 90 0-72 Resin + NA
4 M 15 15-8 1-10 0-65 Resin

Heterozygote 5 M 31 6-2 1-47 0-67 Resin + CPIB
6 M 47 6-5 1-67 0-62 Resin

* While on low cholesterol diet and drug treatment, before starting plasma exchange.
TC, total cholesterol; TG, triglyceride; HDL chol, high-density lipoprotein cholesterol; Resin, cholestyramine 16 to 36 g/day;
CPIB, clofibrate 2 g/day; NA, nicotinic acid 2 to 5 g/day; Neo, neomycin 2 g/day.
Conversion: SI to traditional units; Cholesterol 1 mmol/l,38-7 mg/dl; triglyceride 1 mmol/lta88-5 mg/dl.

exchange was discontinued in case 2 after 10
months because of increasing difficulty with venous

access and she later underwent a portacaval shunt,
as reported elsewhere.7 She has since had an
aortic valve replacement and triple aortocoronary
bypass grafts. Both male homozygotes (cases 3 and
4) have been undergoing plasma exchange at one

to two weekly intervals for two and three years,
respectively, and are continuing to do so. Both are
asymptomatic but each had sustained the loss of a

homozygous teenage sib before starting plasma
exchange. Both male heterozygotes presented with
severe angina. One (case 5) underwent a successful
aortocoronary bypass operation after 12 months of
plasma exchange, whereas the second heterozygote
(case 6) had sufficient relief from angina after nearly
two years of plasma exchange to justify postpone-
ment of surgical intervention.

Plasma exchange was performed with an Aminco
Celltrifuge on an outpatient basis, as described
elsewhere.4 8 9 Each patient's plasma was exchanged
with 2 to 4 litres plasma protein fraction, anti-
coagulation being maintained with heparin. No
significant complications have occurred except for
some localised phlebosclerosis at venepuncture sites.

Clinical progress has been monitored by serial
cineangiographic studies of the aorta and coronary
arteries and measurement of left ventricular-
aortic systolic gradients. By simultaneously project-
ing pre- and post-treatment films, paired frames

were matched both anatomically and for phase of
cardiac cycle and then made into composite slides.
These were analysed "blind" by an independent
observer, using a projection microscope to obtain
x 10 magnified images on a ground-glass screen,
which were then traced and measured.
Serum cholesterol and triglyceride concentrations

were determined routinely'0 before each plasma
exchange and, in some instances, immediately
afterwards. Serum high-density lipoprotein choles-
terol was determined as previously described.4 The
mean serum cholesterol level between exchanges
was calculated by integrating the area beneath the
rebound curve joining each post-exchange value to
the subsequent pre-exchange value, and then
dividing by the time interval between exchanges.

In four patients the faecal excretion of neutral
sterols and bile acids" 12 was measured during the
week before and the week after a single plasma
exchange, at a time when they were in-patients in
the Metabolic Unit, off all hypocholesterolaemic
drugs and on a constant intake of dietary fat (P:S
ratio 2:1), cholesterol (200 mg/day), and chromic
oxide (1-5 g/day), which was given as a non-
absorbable marker.

Results

CHANGES IN SERUM CHOLESTEROL
During each procedure there was a rapid decrease

Table 2 Overall serum cholesterol levels throughout period ofplasma exchange

Plasma exchange Serum cholesterol (mmolll)
Case no.

Started (date) Number Duration (mth) Volume (litres) Minimum Mean Maximum

1 9/74 24 22 2-2-4 6-1 13-4 16-1
2 1/75 9 10 2-2-4 5-5 114 13-2

3/76 Portacaval shunt - - 13-2 -

3 10/75 66 38 3-2-4 4-4 8-7 10-8
4 8/76 78 28 2-43-2 4-0 8-4 10-7
5 6/76 33 12 3-2 2-4 4-9 6-0
6 4/77 72 23 3-2-4 2-0 4-4 6-1

681



Thompson, Myant, Kilpatrick, Oakley, Raphael, Steiner

Fig. 1 Serum cholesterol levels
showing mean (solid line),.
maximum (upper border of
stippled area), and minimum
(lower border of stippled area)
values observed in two homozygotes
undergoing regular plasma
exchange. The volume in litres of
plasma protein fraction used and
the number of exchanges per
month are indicated above,
together with the daily dosage of
hypocholesterolaemic drugs
administered. NA, nicotinic acid;
CPIB, clofibrate. DL, case 4;
RW, case 3.
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in serum cholesterol, followed by a slower rebound.
The magnitude of the decrease depended upon the
volume of plasma exchanged, averaging 70 per cent
after a 4 litre exchange. The rate of rebound, which
was damped by administering nicotinic acid 3 to
5 g/day to homozygotes and cholestyramine 16 g/day
to heterozygotes, averaged 3'9 mmol/l (150 mg/dl)
in homozygotes and 2-6 mmol/l (100 mg/dl) in
heterozygotes during the first week after an
exchange, and 2-0 mmol/l (77 mg/dl) and 0 9 mmol/l

400 -

300 -

Fig. 2 Serum cholesterol levels
in two heterozygotes undergoing
regular plasma exchange. AS,
case 6; JH, case 5.
Explanation of legend as for
Fig. 1. Neo, neomycin.
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Long-term fluctuations in serum cholesterol in

patients undergoing plasma exchange at regular
intervals can best be described in terms of the
maximum or pre-exchange value, the minimum or
post-exchange value, and the mean level between
exchanges. These results are summarised in Table 2.
The influence of the frequency and volume of
plasma exchanged and of concomitant drug treat-
ment is illustrated in Fig. 1 and 2.
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As shown in Fig. 1 the mean serum cholesterol in
homozygote case 3 was reduced to less than 60
per cent of the level achieved by drug treatment
alone when the latter was supplemented by 4 0 litre
exchanges at fortnightly intervals. Similarly, 3-2
litre exchanges at weekly intervals reduced the
mean serum cholesterol in homozygote case 4 by
more than 50 per cent. Discontinuation of choles-
tyramine had no effect on serum cholesterol levels
in either patient provided that nicotinic acid
treatment was maintained.

Fig. 2 shows the results in the two heterozygotes.
The mean serum cholesterol concentration in case 5
decreased from 6-2 mmol/l (240 mg/dl) on choles-
tyramine and clofibrate, to 4-1 mmol/l (160 mg/dl)
during weekly 3-2 litre plasma exchanges. Case 6
presented with a serum cholesterol of 9 mmol/l
(350 mg/dl), which decreased to 6-5 mmol/l (250
mg/dl) on cholestyramine and to 3-5 mmol/l
(135 mg/dl) when administration of the latter was
accompanied by weekly 4 0 litre plasma exchanges.
Addition of clofibrate caused a sharp increase in
serum cholesterol levels in case 6.

CHANGES IN XANTHOMATA AND FAECAL
STEROID EXCRETION
Combined treatment with plasma exchange and
nicotinic acid for two to three years has been
accompanied by almost complete resolution of the
cutaneous xanthomata of homozygotes cases 3 and 4,
and by a pronounced reduction in the size of their
tendon xanthomata, as illustrated in Fig. 3 and 4.
No such changes were observed in cases 1 and 2.

Faecal excretion of neutral sterols and bile acids
before and after a single plasma exchange in two
homozygotes and two heterozygotes is shown in
Table 3. Mean neutral sterol excretion increased
from 613 to 767 mg/day during the week after
plasma exchange, and bile acid excretion decreased

Fig. 3 Cutaneous xanthomata in the right popliteal
fossa of a homozygote (case 4) before and after two years
of plasma exchange.

Fig. 4 Tendon xanthomata over the interphalangeal and
metacarpo-phalangeal joints of a homozygote (case 3)
before and after three years of plasma exhange.

from 498 to 420 mg/day. However, the only
statistically significant difference was an increase in
neutral sterol excretion in homozygote case 3 after
a 4-6 litre exchange. Total faecal steroids averaged
1111 mg/day before and 1187 mg/day after plasma
exchange.

ANGIOGRAPHIC APPEARANCES AND AORTIC
GRADIENTS
At least two complete angiographic studies were
performed in three of the homozygotes. As illus-
trated in Fig. 5 (upper panel), the irregular and
narrowed appearances of the supravalvular portion
of the aorta and the right coronary ostium in case 3
have not changed during nearly three years of
plasma exchange, nor was there any change in the
aortograms of case 4 (Fig. 5, middle panel). However,
the second study on case 2 showed left ventricular
hypertrophy and a decrease in the mobility of her
aortic valve cusps (Fig. 5, lower panel). Measurement
of the ratio of the diameter of the narrowed aortic
roots to that of adjacent unaffected segments, as
shown in Table 4, confirmed the lack of change in

Table 3 Faecal steroids in patients with familial
hypercholesterolaemia during week before and week after
plasma exchange with plasma protein fraction (PPF)

Volume Bile acids (mg/day)* Neutral sterols (mg/day)*
Case of PPF
no. (litres) Before After Before After

3 4-6 551 ±58 531 ±32 712 ±40t 1051 ±108t
4 2 0 577 ±95 372 ±8 266 ±36 186 ±13
5 4 0 281 ±31 321 ±51 621 ±35 881 ±81
6 4 0 583 ±57 454 ±89 851 ±32 950 ±166
Mean 3-65 498 ±73 420 ±46 631 ±125 767 ±197

* Values in each patient represent the mean ± SE of
determinations on three to five samples collected during the week
before and the week after plasma exchange, corrected for recovery
of chromic oxide.
t p < 0-01 (Student's t test).
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Fig. 5 Upper panel: Aortograms in homozygote case 3 showing irregular contour and narrowing of the aortic root
and right coronary ostial stricture before (10/75) and after (5/78) 31 months of plasma exchange. Middle panel.
Aortograms in case 4 showing narrowed aortic root before (1/77) and after (10/78) 21 months of plasma exchange.
Lower panel: Aortogram in case 2 showing narrowed aortic root before (1/75) and after (11/78) 10 months of plasma'
exchange followed by a portacaval shunt. Note the altered appearance of the aortic sinuses during the second study.
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any patient (excluding case 1, in whom an initial
aortogram was not done).
The peak systolic gradient between the left

ventricle and aorta was measured on at least two
occasions in all four homozygotes, the results being
shown in Table 4. Substantial increases occurred in
cases 1 and 2 over periods of 26 and 46 months, in
contrast to cases 3 and 4 in whom there was little
change during 31 aAl 21 months, respectively.
Mean serum cholesterol levels were considerably
higher in cases 1 and 2 during the interval between
angiograms (11 4 to 13 4 mmol/l or 440 to 520 mg/
dl) than in cases 3 and 4 (8 4 to 8-7 mmol/l or 325 to
337 mg/dl), as shown in Table 2.
Each of the heterozygotes underwent two

angiographic studies; both patients had normal
aortograms but each showed bilateral atheromatous
involvement of the coronary arteries. The appear-
ances were unchanged in case 5 after nine months
of cholestyramine alone followed by a year of plasma
exchange (Fig. 6, upper panel). However, there was
an apparent increase in the calibre of a stricture of
the anterior descending branch of the left coronary
artery in case 6 after a year of plasma exchange
(Fig. 6, middle panel). There was no further change
in this lesion after a second year but a decrease in
the degree of dilatation of his ectatic right coronary
artery proximal to the site of its occlusion was
noted (Fig. 6, lower panel). Mean serum cholesterol
levels were 4-4 to 4 9 mmol/l (170 to 190 mg/dl) in
the two heterozygotes between plasma exchanges
(Table 2).

Discussion

This paper analyses four years' experience with
plasma exchange in the treatment of severe familial
hypercholesterolaemia, the term severe encompass-
ing both homozygotes and heterozygotes with
coronary heart disease. The fact that six patients
have successfully undergone a total of almost 300

Table 4 Left ventricular-aortic systolic gradients and
aortographic appearances in homozygotes undergoing
plasma exchange

Case no. Date of angiogram Gradient Aortic
(mmHg) ratio*

1 9/74 35 -
11/76 75 -

2 1/75 34 0-59
11/78 130 0-58

3 10/75 40 0 73
5/78 50 0-71

4 1/77 19 0-67
10/78 20 0-64

* Diameter of narrowed lumen

Diameter of adjacent, normal lumen

plasma exchanges without serious complications
attests both to the safety of the procedure and its
acceptability to such individuals. In particular
there was no instance of bacterial endocarditis in
any of the homozygotes, whose diseased aortic
valves renders them vulnerable to this risk. The
reliability of the equipment used and the suitability
of plasma protein fraction as an exchange fluid have
greatly facilitated carrying out repeated plasma
exchanges over prolonged periods. A commitment
to treating homozygotes by this means should not
prove too great a liability to any major centre
equipped with a cell-separator because of the small
number of patients likely to be involved. Plasma
exchange is heavily dependent upon the availability
of plasma protein fraction, however, and for this
reason, we restrict its use in the far commoner
heterozygotes to those with severe angina.
The use of plasma exchange to treat familial

hypercholesterolaemia is based upon the premise
that defective catabolism of low-density lipoprotein
is largely responsible for the hypercholesterol-
aemia.13 14 Physical removal of low-density lipo-
protein from the intravascular compartment is
therefore a logical approach, especially in homo-
zygotes who respond poorly to drugs such as
cholestyramine, which act by promoting low-
density lipoprotein catabolism.'6 It is relevant that
plasma exchange does not appear to stimulate low-
density lipoprotein-apoB synthesis, especially since
this is already somewhat higher than normal in
homozygotes.16 Furthermore, we found no evidence
that plasma exchange caused any net increase or
decrease in faecal steroid excretion, which is the
normal pathway for removal of cholesterol;
however, because these were non-steady-state
studies it was not possible to deduce whether there
was any change in cholesterol synthesis.

Streja et al.17 recently described an association
between coronary heart disease and reduced levels
of high-density lipoprotein cholesterol in familial
hypercholesterolaemia. Since plasma exchange
decreases high-density lipoprotein levels still further
it might seem to be deleterious. However, during
the subsequent week the high-density lipoprotein
(HDL) cholesterol concentration increases propor-
tionally faster than the low-density lipoprotein
(LDL) cholesterol and the HDL:LDL cholesterol
ratio rises.4 8 If one accepts that this ratio is an even
more sensitive index of coronary heart disease risk
than is high-density lipoprotein cholesterol,'7 then
plasma exchange can be regarded as having a
favourable effect, rather than the reverse.
Our data suggest that plasma exchange at monthly

intervals does not control hypercholesterolaemia
sufficiently well in homozygotes to prevent progres-
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Fig. 6 Upper panel: Coronary angiograms in heterozygote case 5 showing dilatation of right coronary artery
proximal to site of occlusion before (3175) and after (6/77) a period of conventional therapy followed by a year of
plasma exchange. Middle panel: Coronary angiogram in heterozygote case 6 show-ing a stricture of the anterior
descending branch of the left coronary artery (arrowed), before (4177) and after (5/78) 13 months of plasma exchange.
Lower panel: Coronary angiogram in heterozygote case 6 showing degree of dilatation of a partially occluded right
coronary artery before (4/77) and after (4/79) two years of plasma exchange.
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sion of their disease. Both female patients developed
a substantial increase in the systolic gradient
between their left ventricle and aorta at a time when
their serum cholesterol levels averaged about
13 mmol/I (500 mg/dl). It seems probable that a
rising aortic gradient reflects progressive infiltration
of the valve cusps, either by atheroma,18 or
fibrosis.19 20 The threefold increase observed in
case 2 occurred without any change in the degree
of narrowing of the supravalvular part of her aorta
and she was later found at operation to have a much
fibrosed aortic valve. This was in spite of her
having undergone a portacaval shunt three years
previously which, unfortunately, resulted in only a
transient fall in serum cholesterol.7
The findings in the two male homozygotes

currently on plasma exchange are more encourag-
ing. More effective reduction of hypercholesterol-
aemia by a combination of nicotinic acid and plasma
exchange at one to two weekly intervals, using 3 2 to
4*0 litres of plasma protein fraction on each occasion,
resulted in regression of both cutaneous and tendon
xanthomata, indicating mobilisation of tissue
cholesterol at these sites. Angiographic and
haemodynamic studies suggest that their aortic
lesions have not progressed over the past two to
three years, during which their serum cholesterol
levels averaged 86 mmol/I (333 mg/dl). Similarly
encouraging results in a homozygote have been
reported recently by Berger et al.,20 who also found
cholestyramine to be ineffective in slowing down
the post-exchange rebound of serum cholesterol.
The inability of cholestyramine to control hyper-
cholesterolaemia in homozygotes is well docu-
mented2' 22 and contrasts with its effectiveness in
heterozygotes.

Apparent angiographic improvement was ob-
served in one of the heterozygotes (case 6), in whom
there was an increase in the calibre of a stricture of
the anterior descending branch of the left coronary
artery after one year of weekly plasma exchange and
cholestyramine, during which his serum cholesterol
averaged 4.4 mmol/l (170 mg/dl), decreasing to
2-0 mmol/l (77 mg/dl) immediately after each
procedure, and seldom rising above 6 5 mmol/l
(250 mg/dl); the significance of the decrease in the
degree of ectasia of his right coronary artery is
difficult to evaluate in the absence of any informa-
tion on blood flow. Spontaneous resolution of such
strictures has been recorded, but not in patients
with familial hypercholesterolaemia.2' However,
regression of early femoral atherosclerosis24 and non-
progression of advanced coronary lesions25 have
recently been claimed in heterozygotes whose
hypercholesterolaemia was effectively controlled by
conventional means. The even better control

achieved by long-term plasma exchange provides a
potential means of establishing whether rigorous
reduction of serum cholesterol really can induce
regression of coronary atherosclerosis in this
situation. The advantage of small-scale, serial
angiographic studies in answering this key question
is that they assess the effects of treatment on
atheromatous lesions more directly than do clinical
trials, and are also shorter and less expensive; their
main disadvantage is the difficulty of obtaining
matching views and interpreting angiographic
change.26
Although the arterial lesions of homozygous

familial hypercholesterolaemia are indistinguishable
histologically from atherosclerosis, except perhaps
for the excessive number of foam cells present and
the intensity of cholesterol deposition,27 28 anatomi-
cally their distribution is distinctly unusual, with a
unique predilection for the aortic valve, sinuses of
Valsalva, and the aortic root. The supravalvular
lesion also occurs in heterozygotes but without
involvement of the aortic valve.29 Coronary angio-
graphy reveals a high proportion of patients with
ostial stenosis and triple vessel or left main stem
disease.30 Presumably these features reflect the
hypercholesterolaemic basis of the underlying
atheroma, as opposed to the multifactorial origins
of coronary heart disease as found in the general
population. Thus, any evidence of a beneficial
effect of reducing serum cholesterol on the
premature and severe lesions seen in familial
hypercholesterolaemia should be interpreted with
caution when considered in the wider context of
atherosclerosis at large.
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Niththyananthan for determining faecal steroids;
David Hawtin for making composite films of the
angiograms and Hilary Stanbrook for analysing
them. We also acknowledge the vital role played by
Sir William Maycock and the Blood Products
Laboratory, Elstree, Herts, in providing us with a
constant supply of plasma protein fraction.
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